Ceramide and glucosamine antagonism of alternate signaling pathways regulating insulin- and osmotic shock-induced glucose transporter 4 translocation.
In addition to insulin, hyperosmolarity induces glucose transporter 4 (GLUT4) translocation in 3T3-L1 adipocytes. However, in contrast to insulin this stimulation is independent of PI3K/Akt. In this study we assessed whether ceramide and/or glucosamine, two known insulin-signaling antagonists, also affected the PI3K/Akt-independent signal. Insulin, but not hyperosmolarity, clearly increased the activities of PI3K and Akt. C2-ceramide did not alter insulin-stimulated PI3K activity, but did decrease the ability of insulin to activate Akt and GLUT4 translocation. Consistent with osmotic shock-mediated GLUT4 translocation being independent of PI3K/Akt, GLUT4 translocation induced by hyperosmolarity was not altered by C2-ceramide. In contrast to the specific C2-ceramide-induced attenuation of insulin-stimulated GLUT4 translocation, overexpression of glutamine:fructose-6-phosphate amidotransferase, the rate-limiting enzyme in the synthesis of UDP-N-acetylglucosamine, and/or pretreatment of cells with glucosamine, a precursor of UDP-N-acetylglucosamine, inhibited both insulin- and hyperosmolarity-stimulated GLUT4 translocation. Glucosamine did not alter any of the known proximal insulin signal transduction events. These data suggest that although the hyperosmolarity-induced signal bypasses the initial insulin signal transduction steps, it is likely to induce GLUT4 translocation through activation of a common convergent signal transduction step, targeted by UDP-N-acetylglucosamine, downstream of and/or in parallel to PI3K/Akt.